Natural steroids and triterpenes such as β-sitosterol, stigmasterol, lupeol, ursolic and betulinic acids were transformed into its hexanoic and oleic esters, to evaluate the influence of chemical modification towards the cytotoxic activities against tumor cells. The derivatives were evaluated against five tumor cell lines [OVCAR-8 (ovarian carcinoma); SF-295 (glioblastoma); HCT-116 (colon adenocarcinoma); HL-60 (leukemia); and PC-3 (prostate carcinoma)] and the results showed only betulinic acid hexyl ester exhibits cytotoxic potential activity.
INTRODUCTION
Cancer is a generic term used for a large group of diseases that can affect any part of the body, which is also described as malignant tumors and neoplasms. According World Health Organization, it accounted to 8.2 million deaths worldwide in 2012 (13% of all deaths) with 14.1 million new cases (WHO 2016) . Main risk in cancer treatment is multidrug resistance, when cell lose their sensitivity to chemotherapeutics. Due this, actions against cancer are focused on developing and reinforcing cancer control programs and also to the search alternative treatments.
The therapeutic use of active natural compounds or its derivatives as anticancer agents represents nowadays a highly-investigated research field. Triterpenic acids exhibit unique and important biological and pharmacological activities, including anti-inflammatory, antimicrobial, antiviral, cytotoxic, and cardiovascular effects (Silva et al. 2012) . The total synthesis of this class of natural products is still not an easy strategy to obtain multigram quantities for in vivo biological screening and evaluated assays. For example, commercial betulinic acid is prepared by chemical selective oxidation of the alcohol derivative (betulin) and it is also isolated in good yields together the isomers ursolic and oleanolic acids from a restricted group of plants. Eriope blanchetii, a shrub belonging to the Lamiaceae family, is one of them (David et al. 2001) .
Important classes of natural compounds or its derivatives are esters (Azimova 2013) . This class of compounds shows variety of structural types leading to a wide spectrum of biological activity, including aliphatic and aromatic moieties. Although its biological role in plants has not been fully studied, a plethora of biological activities have been appointed, such as antibacterial, antifungal, estrogenic, antiestrogenic, inhibition of testosterone secretion, immunological, anti-inflammatory, cytotoxic, and ionophoretic properties, relaxant effect, vasodilatory effect, antagonist of calcium, etc. Derivative esters of natural products can be obtained from natural sources (Carvalho et al. 2001 ), but its use as lead compounds for medicinal chemistry gives an idea of the potential of this approach. As selected example of lead compound derivated from betulinic acid spawned the drug Bevirimat ® (2 and 1, respectively, Fig. 1 ), which has been showed to be specific inhibitors of HIV-1 entry (Qian et al. 2010) . According this strategy, this article described our work in syntheses of specific acyl derivatives of some natural products, and evaluation of their antiproliferative activities against some tumor cell lines. 87, 173.48, 149.96, 109.87, 80.31, 58.41, 56.37, 55.56, 50.56, 49.35, 38.44, 38.41, 37.86, 37.24, 37.10, 34.78, 34.32, 32.16, 31.20, 31.06, 30.54, 29.69, 27.96, 25.49, 24.79, 24.31, 23.74, 22.28, 20.89, 18.25, 16.52, 16.03, 14.66, 13.86, 13.82, 13.80 . 62, 150.32, 129.97, 129.73, 109.72, 80.59, 77.22, 76.97, 56.32, 55.46, 50.45, 49.31, 46.92, 42.45, 40.74, 38.41, 37.85, 37.15, 37.02, 34.83, 34.29, 32.16, 31.89, 30.57, 29.75, 29.70, 29.67, 29.50, 29.31, 29.29, 29.14, 29.09, 27.97, 27.21, 27.15, 25.49, 25.14, 23.74, 22.66, 20.88, 19.34, 18.18, 16.53, 16.15, 16.03, 14.67, 14.06 .
Betulinyl oleate (2b)

Ursolyl hexanoate (3a)
Mass 33, 173.56, 137.97, 125.78, 80.59, 59.56, 55.36, 52.66, 47.96, 47.50, 41.99, 39.56, 39.05, 38.85, 38.32, 38.16, 37.74, 36.94, 36.72, 34.78, 32.91, 31.33, 31.21, 30.61, 29.65, 28.09, 28.02, 24.80, 24.13, 23.60, 23.56, 23.30, 22.26, 21.10, 18.19, 17.11, 16.97, 16.74, 15.49, 13.82 . 59, 137.96, 129.97, 129.73, 125.78, 80.58, 59.54, 55.33, 52.67, 47.94, 47.49, 41.99, 39.53, 39.05, 38.84, 38.30, 38.15, 37.73, 36.91, 36.71, 34.82, 34.38, 32.91, 31.89, 31.22, 30.61, 29.75, 29.67, 29.50, 29.31, 29.29, 29.14, 29.09, 28.10, 28.01, 27.21, 27.15, 25.14, 24.97, 24.15, 23.60, 23.54, 23.30, 22.65, 21.13, 18.19, 17.09, 16.99, 16.77, 15.51, 14.23, 14.06 . 109.31, 80.63, 55.44, 53.34, 50.39, 48.35, 48.01, 43.00, 42.86, 40.90, 40.01, 38.43, 38.11, 37.85, 37.13, 35.60, 34.80, 34.27, 31.90, 31.33, 29.88, 29.67, 29.44, 29.33, 29.24, 29.16, 27.97, 27.47, 25.17, 24.82, 23.76, 22.66, 22.28, 20.98, 19.29, 18.23, 18.00, 16.54, 16.15, 16.00, 14.53, 14.05, 13.85 .
Ursolyl oleate (3b)
Lupenyl hexanoate (4a)
Lupenyl oleate (4b)
Mass obtained: 13.7 mg, 61% yield; rf 0. 83, 151.12, 130.16, 129.94, 109.53, 80.81, 55.59, 50.54, 48.49, 48.20, 43.19, 43.03, 41.05, 40.19, 38.58, 38.25, 38.03, 37.29, 35.77, 35.03, 34.42, 32.12, 32.10, 30.03, 29.96, 29.89, 29.87, 29.71, 29.55, 29.52, 29.51, 29.35, 29.34, 29.30, 28.16, 27.64, 27.41, 27.35, 25.34, 25.31, 23.94, 22.87, 21.15, 19.48, 18.40, 18.19, 16.76, 16.36, 16.17, 14.71, 14.29 . 77, 175.21, 153.53, 149.84, 134.67, 134.44, 134.20, 133.71, 129.38, 129.25, 129.10, 129.08, 84.55, 84.05, 83.00, 82.75, 82.57, 82.49, 81.33, 81.17, 77.89, 75.80, 74.33, 73.86, 35.43, 35.39, 35.09, 31.62, 31.61, 31.56, 31.54, 31.50, 31.45, 31.36, 31.32, 28.42, 27.02, 26.75, 26.65, 26.60, 24.20, 24.19, 24.01, 23.79, 19.84 . 139.71, 138.29, 129.97, 129.75, 129.28, 122.55, 73.67, 56.79, 55.95, 51.23, 50.06, 42.21, 40.48, 39.63, 38.16, 37.01, 36.61, 34.71, 31.90, 31.89, 31.88, 29.77, 29.68, 29.52, 29.32, 29.31, 29.15, 29.09, 28.89, 27.82, 27.21, 27.16, 25.40, 25.05, 24.35, 22.67, 21.21, 21.07, 21.02, 19.31, 18.98, 14.10, 12.23, 12 .04. 11, 139.68, 138.29, 129.94, 129.71, 129.29, 122.54, 77.27, 77.02, 76.76, 73.63, 56.80, 56.71, 56.13, 56.08, 56.02, 55.97, 51.25, 50.09, 50.07, 45.86, 42.32, 42.21, 40.49, 39.76, 39.66, 39.10, 38.86, 38.18, 37.03, 36.61, 36.59, 36.21, 36.16, 35.90, 34.68, 33.96, 33.72, 32.41, 31.92, 31.89, 31.48, 30.62, 30.33, 29.78, 29.69, MAURICIO M. VICTOR et al. 29.54, 29.47, 29.33, 29.20, 29.17, 29.10, 28.90, 28.52, 28.25, 28.19, 27.83, 27.22, 27.17, 26.15 .
Stigmasteryl hexanoate (5a)
Stigmasteryl oleate (5b)
β-Sitosteroyl hexanoate (6a)
TUMOR CELL CULTURE AND CYTOTOXIC ACTIVITY
The tested tumor cell lines (leukemia HL-60, colon adenocarcinoma HCT-116, ovarian carcinoma OVCAR-8, prostate carcinoma PC-3 and glioblastoma SF-295) were kindly donated by the National Cancer Institute (Bethesda, MD, USA). Cells were maintained in RPMI 1640 medium supplemented with 10% fetal bovine serum, 2 mM glutamine, 100 U mL -1 penicillin, and 100 µg mL and compounds (25 µg mL -1 ) were dissolved in DMSO, added to each well using the HTS -highthroughput screening-biomek 3000-Beckman Coulter (Inc. Fullerton, California, USA). After 69 h of incubation, the supernatant was replaced by fresh medium containing MTT (0.5 mg mL -1 ).
Three hours later, the MTT formazan product was dissolved in 150 µL of DMSO and the absorbance was measured at 595 nm (DTX 880 Multimode Detector, Beckman Coulter, Inc. Fullerton, CA, USA). The IC 50 value of active samples were determined by MTT assay using increasing concentrations (0.2 to 25 µg mL -1 ) against HCT-116, SF-295, HL-60 (leukemia) and PC-3 (prostate carcinoma) cells lines after 72 hours of incubation. Doxorubicin was used as the positive control. Control groups received the same amount of DMSO. The IC50 value and their 95% confidence intervals (CI 95%) were obtained by non-linear regression using the GraphPad Software 5.0.
RESULTS AND DISCUSSION
Our work began by choose of some representative natural products as lead compounds (2-6, Fig. 2 ). These findings led to betulinic acid (3β-hydroxylup-20-(29)-en-28-oic acid) (2) as one of natural compounds employed. The therapeutical use of this active natural compound as anticancer agent is a highly-investigated research field (Gheorgheosu et al. 2014 , Jonnalagadda et al. 2013 , and became itself a natural candidate to further chemical modifications. Although the commercial betulinic acid can be easily prepared from common natural sources, its complete synthesis is not available.
Other pentacyclic triterpenic acid that has recently attracted a rising attention for its multifunctional anticancer activity is ursolic acid (3β-hydroxy-12-urs-12-ene-28-oic acid) (3) (Chen et al. 2015 , Wosniak et al. 2015 . Inhibition (Kuttan et al. 2011) or cancer prevention (Shanmugam et al. 2013 ) are some of its properties. Lupeol (3β)-lup-20-(29)-en-3-ol (4) is another triterpene which has gained wide attraction as a therapeutic and chemopreventive agent for treatment of cancer (Saleem 2009), which was also used as template for esters transformations and isolated as an ester derivative as well (Brum et al. 1998) . Besides these triperpenic structures, some phytosterols were also used as lead compounds in our study. It class of compounds have been proposed to offer protection against cardiovascular diseases and cancer (Bradford and Awad 2007) . Among most common phytosterols, stigmasterol (3β,20R,22E,24S)-stigmasta-5,22-dien-3-ol (5) and β-sitosterol (3β,20R,24R)-stigmast-5-en-3-ol (6) were employed. While the former was already tested against cancer in natural form (Ali et al. 2015 , Ghosh et al. 2011 , the latter showed effect on tumor cells in ester form (Rathee et al. 2012) .
Despite the esters derivatives of phytosterols (Kuksis and Beveridge 1960) , and of oleic ester of betulinic acid (Nakagawa-Goto et al. 2009 ) and lupeol (Chakraborty and Rangari 2011) had already been synthesized, no evaluation of their biological activity against the cancer cells were performed. The synthesis of hexanoic and oleic ester derivatives from natural terpenes were accomplished by use of Steglich methodology (Neises and Steglich 1978) . Treatment of a dichloromethane solution of natural substrate, catalyst (DMAP: 4-N,N-dimethylaminopyridine) and diisopropyl carbodiimide (DIC) with a solution of acid at room temperature led to respective esters (Scheme 1) in moderate to good yields (61-95%) after 24-48h under removal of solid by filtration, concentration and purification by column chromatography in silica-gel (Pilli et al. 2000) .
The synthesis was corroborated as described to esters derivatives of betulinic acid 2. The IR spectra of the derivative showed absorption band at 1728 cm -1 , characteristic to C=O of ester, and maintenance of acid absorption band between 3600-2600 cm -1 were indicative of esterification.
In the 1 H NMR spectra the H-3 upshielded signal 2002 , Hata et al. 2003 , Fulda et al. 1997 , 1999 , Thurnher et al. 2003 , Ehrhardt et al. 2004 , Manoj et al. 2010 . The cytotoxic potential of betulinic acid 2 isolated from Mimosa caesalpiniifolia showed inhibition of cell proliferation over than 86.5% against HCT-116, SF-295 and OVCAR-8 (Monção et al. 2015) . Therefore, our results confirm previous findings in the literature.
In conclusion, this article described the synthesis of a series of novel hexanoate and oleate esters from some natural products (stigmasterol, β-sitosterol, lupeol, and betulinic and ursolic acids), and a cytotoxic panel cells against human ovarian carcinoma OVCAR-8, human gliobastoma SF-295, and human colon carcinoma HCT-116 tumor cell line using an in vitro cytotoxicity assay was performed. Among these compounds, only hexanoic betulinic acid derivative displayed moderate cytotoxic activity and it was efficacious against all tumor cell lines employed (SF-295, HCT-116, PC-3 and HL-60), but it was indeed consistently less active than betulinic acid itself. These preliminary results showed that the synthesis of new derivatives is required to improve anticancer in vitro anticancer activity of the tested compounds. IC 50 values and its 95% confidence interval were obtained by non-linear regression from two independent experiments performed in duplicate. 
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